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I. INTRODUCTION

Dp Branes =2 (D(p —2),Dp) Bound States

¢
OSYM == NCSYM

To discuss

(i) the relation between D(p-2)-branes and Dp-branes;
(ii) the relation between OSYM and NCSYM.




I1. BLACK Dp-BRANES WITH NS B FIELDS
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ds* = H '~ fdt* + dz} + -+ + dz}_, + h(dz}_, + dz})]
+ H'2(f'dr® + r*d0}_,),
¢ = g H'*h, B, ,,=tan0H'h,
Ay = 9 (H™' — 1)hcosfcotha,
Ay = 97 '(H™' = 1)sincotha,
PR S (?)7", h~! = cos? 6 + H'sin® 6.
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Two special cases:
(i) @ = 7 /2, D(p-2)-brane with smeared two coordinates
(ii) # =0, Dp-brane solution



Some quantities associated with the solution:

1 T—p cosf ;_, .
Qr=2?£_~_'#F’+:-( LS ry " sinh @ cosh a,

2K%g

(7"’}&"‘@“”4“'@11&@{:.

1
@-2= 33 L‘n!&-p = 2x%g

The D(p-2)-brane charge density on the worldvolume of Dp-brane

The relation of the B field and charges:

Qp-2 _ Q2 _ 172N,z
QL VW, VT, N

Thermodynamic quantities:

tanf =

-(s_p)nl-pw; ( 7_'? « 12 )
M la? 1+ sinh” a |,
"z"---4 > s"ﬂﬁ:: rp ' cosha.

which satisfy the first law of black hole thermodynamics:
dM = TdS + pydqy + ftp—2dy-2
= TdS + pu,V,T,dNy + pty 2V 2T, 2d N, 2,

pp = cos@tanha/g, p,-2 =sinftanha/g.
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Decoupling limit:
) b i o
a —=0: tanf ==, Zoy.p-2=Tosp-2 Tp-lo = TIp-10

r=au, r=a'u, g=da®"y,

whewﬁ,u,uo,ﬁ,mdf,hq:tﬁxed. The solution becomes
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P () b= gy €=

R = 2(2m)*a=OD/T(T — p)/2JghN,

b (2:)152 N,_, Ny Vs }
{ =% K TN am |
) au << 1;

(ii) au >> 1.



Thermodynamics (indepmdmt of a!):
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Here l—’, = "';,_2‘?2 is the spatial volume of the Dp-brane after taking
the decoupling limit, and V5 = Vab? /o’ is the area of the torus. The

free energy, defined as F = E — T'S, of the thermal excitations:
(5- P)ﬂﬂ—lp;!ﬂ;-p
2(2x)7(gb)?

Q- yVpa¥a5—p (dr \ BT
o=l o

F—

Question:

au < 1 = the case for OSYM

aupl=> 7?7



II1. INFINITELY MANY DELOCALIZED D(p-2)-BRANES
AND U(x) SYM

When au > 1:
The decoupling solution = nearhorizon geometry of D(p — 2)
with smeared coordinates z,_, and z, and zero B field.
Boundary condition of open string:
8, X'+ Bjd. X' =0, 6X“=0.

D(p-2)-brane solution:

ds® = H™'[— fdt* + dz} + -+ + dz?_, + H(dz?_, + dz?))
+ H'2(fdr? + r?dQyy),

=g HO PR AR, 5 =g (H' —eotha, By1,=0,
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Under the usual decoupling limit:
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—— e — o —. — (— E—— — i — — — — T — — i —— —— C—" — — T— — i S S —. T — S — T — —. T — T— — — i —— —
e T — — — . R T . . — — — — — . —— — —— ——— T — —— ——— — | ——— i ——

R 7= -;-(2:)'-':-"-'"’1"[(7 - p)/2)gbN,-2 x .-_.—

([ %~ )
N, (@)% )
Under T-duality on Z,—; and Z,:
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The dual torus with area:

Vo = (21)'%*/ V3.

What is the result?
= U(N;-2) OSYM in p+1 Dimensions [Np-2 = {Tfhﬁr]
When V3 — oo
U(co) OSYM in p-1 Dimensions: gf ,, = (27)"'7 .
While NCSYM in p+1 Dimensions: ¢f,, = (27)**gb.

From the point of view of Dp-brane:
Define:

p= (;)’,a, (Bp-10+i/Gp-1)p-1)Gim) -

The relevant T-duality transformation is given by the SL(2, Z)

transformation

o 20AD

where ad — be = 1. Acting this transformation to the decoupling
solution yields
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for c = —1, d = Va/(2x)*b = N,_a/N,.

Here the dual torus has area
Va = (22)'% Vs

The Yang-Mills coupling:

Fou = (2'3?9=> (27§ in p — | dimensions

The number of Dp-branes:

o= Noa

However, the 't Hooft coupling constant;

Va

e

A= 2&:4”:
= Morita Equivalence!



IV. THERMODYNAMICS OF TWO D-BRANE PROBES

Motivation:
Single Center Configuration <> SYM in Higgs Branch
Multi-center Configuration <> SYM in Coulomb Branch

—

L

U(N +1) = U(N) x U(1)

% as a mass scale in SYM

(i) A (D(p-2),Dp) Bound State Probe

The starting point is the DBI action:

Sy = =T, [ @ ze |- det(Gas — Fu) — T, [ A* =T, [ A7 AF,

where T, = 1/(2x)?a’P*1/2 is the tension of Dp-brane.



=1 - =
gma TH ['/_ 1+ Hy— H|
where
Tep 1.2 T-p .
re @ sinh® ry | cosh asinh
H=1+ T’ Hy=1+ = = .
In the extremal background f = 1:
The interaction potential vanishes!
(a) In the asymptotically flat limit:
T v
Fl""'l — (1 — tanha)

= This process satisfies the first law of thermodynamics and the

potential converts into heat energy of the source: Uy|,.,, = TdS.

dM = TdS + p,T,V,dN, + ty1Ty-2V,-2dN, s
with dM = m,, dN, = 1, and dN,_ = tan 8V, TydN,/(V,-2T,-2).

(b) In the decoupling limit:
V 7—1- ";-'
5= (2:)?5& [‘/— 1% w-:-‘

== The same as that of the case without B field !
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At the horizon:
dF
=3 Fylu=ug = F(Np +1) = F(N,)

Dp-branes at the horizon!

(ii) A D(p-2)-brane Probe

The action is:

Sp-2 = =Ty2 [ ze™*/=det Gop — T2 [ A2,
which reduces to
Sp-2= -K’T‘G‘" [drH [HVRVA[F - (1~ Ho)sind — H].
(a) In the asymptotically flat limit:

Up-2lr=ry = % (1 — sin#tanh a)
satisfying the first law
dM = TdS + wV,T,dN, + ptp2Vy_sT,2dN, 3



(b) In the decoupling limit:

v, u\7-»| |1+ (au)™? /z uy ?
o e e L
Fy-2 (272§ ( R) J (au)™" ‘G A+ QuT-P
When au > 1:
dN,
with
JNp-z L f’::.*

3N,  (2m)%

Furthermore, at the honzon

dF
F, p--?lu-u - m&Np—-h JNp—: = 1.

= Fp—'}.‘ ~ F{Np_g + l} > F{Npul’}

D(p-2)-branes at the horizon as well!

M



V. SUMMARY

(1). Thermodynamics of black Dp-branes with B fields is the same
as that without B fields; also the same as that of the black
Dp-2)-branes with two smeared coordinates and zero B field;
in the decoupling limit, one has N,_s/N, = Va/(27)b.

(2). The free energy of a (D(p-2),Dp) bound state probe is the
same as that of a Dp-brane probe in the background without
B field; A D(p-2)-brane probe is found to be identified with
a Dp-brane with B field provided dN,_2/dN, = Vu/(2x)%b.
=5 NCSYM = OSYM at large N limit

(3). When V3 — oo, there might be an equivalence between
U(oc) OSYM in p — 1 dimensions and a NCSYM in p + 1
dimensions; their coupling constants ghyy = (277
and gicsym = (27)7*gb.



